


By Fieinrich Kop2e. 

270 one nomdays uridertakes t o  bui ld  a n  a iq i a . r ! t ?  GT air-  

s h i p  without carefu l  7reliminary calcuf.at ions and pr.=l.c Licsl. 

t e s t s  v i t h  models. Unfortanately, exneriments scldi7.n Pave 

been performed on the f in i shed  a i r c r a f t  themsel-res, fcxP verify- 

ing the r e s u l t s  of such preliminary work, This I s  due partll+ 

t o  a fundamental aversion t o  such experiments and partly t o  

f e a r  of the d i f f i c u l t i c s  and cost, 2 s  a l s o  t o  a cc r t a in  m i s -  
w 

t r u s t  o f  the r e l i a b i l i t y  of ?esz;12ts ob%aim& an a i r c s a f t .  

If I succced i n  d i ss ipnt ing  scme of tbcce apprehensions ' 

and prejudices, the  object of my 1.ectur.e w i l l  'be accomplished. 

I n  order, hovrever, not t o  r a i s e  your expec%ations too high, I 

should remarl: i n  advance that there i s  c3thing fundaxentcllg 

new about my experiments. ' I ax prorrptcd t o  mpke t h i s  report  

t o  you on the experiments X periomcd G S  a c o w ~ r k e r  w i t h  the 

'lBcutsche Versuchsanstalt fh ,Luf'cfahr%, only b y  the  3ope of 

beir,g cib1.e t o  present methods f o r  m k i n g  f l i g h t  t e s t s  on air- 

nkcnes i n  a new, p r a c t i c c l  form. 
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i s t i c s ,  L?, f a c t  mhich I wish t o  calf. atte-ntio-n t o ,  because even 

i n  t e s t i n g  new nodels, the f l i g h t  

n s t e l y  been too much neglected i n  

performances. 

rac  t e r  i st i cs have uiifor tu- 

a r i son  n i t h  pure f l i g h t  

In  the f i r s t  f l i g h t s ,  the rudder def lec t ions  n-ere recorded 

with the aid of a special  rnec’m-nism which w a s  provided 7 : ; i t h  the 

rapid works of a talking nachine (Fig.  4;. The recording l e v e r s  

were connected by rods sild l i i i es  vi%h~t’ne s t s e r i n g  controls  and 

adjusted s o  c?,s t o  u t i l i z e ,  as nearly as possible,  the full. 

width of the ava i l ab le  70 cm (27 .6  i E . )  pzper. O f  especial  in- 

portance vas the  recording of t3e rudder def lec t ions  i n  flight 

w i t h  sh i f ted  v e r t i c a l  t a i l  pla-nes and with only onc engine 

rux?ing. Fig. 5 zives the records of t q o  s n o r t  f l i g h t s -  In  

a l l  the flights, the s t a r t i n g  and lznding def lec t ions  of the 

rudders vere n l z o s t  ident ica l .  

The neasuremcnts included the pressure z,nd! temperature of 

the air ( i n  order t o  fi-nd i t s  dens i ty) ,  the dynamic o r  negative 

pressure, the  f l i g h t  posi t ion,  vertical accs le ra t  ion, f l i g h t  

path, cli@;bing speed and ground speed. O f  course, the power 

p l an t  mder constant obsemation. g o s t  of t he  instmuzzents 

%ere self-recording, so  they needed only t o  be mtched  and sin- 

p l y  ver i f ied .  Thus, t i n e  TELS gained f o r  personal observations. 

The resul ts  obtained i n  t h e  ?&odd cxperimentrcsl fli$xts 

w i t h  the  F.0 11 1 c a ~  be reported here 0r~I.y in EO far as they 

are  of general i n t e re s t  2-nd have t o  cio v i t h  sabsequent discus- 
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sionb. Elloreover, f o r  lack of time, I must r e s t r i c t  myself t o  

simple fligkre perfornances, in-go g a i r  densi ty ,  climbing 

speed, dymmic pressure and angle ? a t t a c k  w i t h  the-same 

vcight ,  the scme Criving gear and, wide-open t h r o t t l e .  

Vhenever feas ib le ,  some experienced aeronautic s c i e n t i f i c  

observer ahould accompany nll experimental f l i g h t s .  He mst be 

familiar with the  airplane on the ground zn& in the  air, before 

beginning the real experiments, and even then, a f te r  f i f t y  o r  a 

hundred f l i g h t  6, he m i l l  l e a rn  s OK e t  hing new about h i s  a i rplzne.  

H e  must l e t  nothifig escape h i s  a t t e a t i o n  regarding.tkre start, 

landing Lqtd f l i g h t  charac te r i s t ics  of h is  a i rplane.  The ob- 

'server can be of l i t + , l e  use, honever, i f  he is shut i n  a mbin  

where he cannot s e e  riuch. H i s  locat ion :?nust be such that he 

can readi ly  observe the a i rp lane  and i ts  posi t ion i n  space, in- 

s ta l l  his ins tmnents  s y ~ t  eiiztically,  t h a t  cowmnicct e 

easily wit3 %he p i l o t  and, i f  possible ,  5e  able  t o  observe the  

p i l o t *  s i n s t m i e n t s  also.  The observer must theore t ica l ly  pi- 

l o t  the a i rp lane  himself, but only theore t ica l ly ,  even i f  h e  

is  ac tua l ly  able o r  thinks he is able t o  do it. He may advise, 

but not ac t .  His advice will be z l l  the n o r e  valua5le, the 

b e t t e r  he theo re t i ca l ly  p i l o t s  the airplane.  To zcconplish 

t h e  best  r e su l t s ,  the  p i l o t  and observer m s t  work in perfect  

y, a t  l e a s t  6urtng t 5e  t ea t  f l i g h t s ,  because intefl i ,-ent 

cooperation betneen then is  the f i rs t  essent ia l  of success. 

The instrunents  shmld  be ?laced, so fcr as posalble, in- 
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s i d e  t h e  fuselage,  i n  order t o  reduce the  a i r  res is tance,  and 

they  should be eas i ly  accessible  during f l i g h t .  There should 

b e  as m n y  self-recording inst.ruments as possible.  The nost  

s k i l l f u l  observer misses Ce ta i l s  which can thus be rccorded 

and subsequently evaluated a t  l e i s u r e .  Rapidly revolving drw-is 

a r e  very usefu l  f o r  invest igat ing special. f l i g h t  conditions. 

I n  special  instances the revolution time of the drum is adapted 

t o  the  durat ion of the f l i g h t ,  o r  even the f l i g h t  durat icn t o  

t h e  revolution time. It i s  very important f o r  a l l  recording 

instruments t o  have accurate time marks f o r  the subsequent com- 

par i son  of corresponding values4 I t  has been found that clock- 

works of ten .run unevenly under the in f lumce  of the v ibra t ions  

and va r i a t i cns  in  the t m p e r a t u r e  and dens i ty  of the  air. A 

soot-covered dnim has proved the best f o r  f i n e  records. I 

would therefore  recounend i t  f o r  a l l  a i rp l ane  records. The use 

of soot i s  a "black art ,"  Ivhich i s  e a s i l y  mastcred b y  any one, 

Soot  records have the  f u r t h e r  advantage of y ie ld ing  t h e i r  numer- 

i c a l  da t a  only t o  the  informed and of betraying nothing t o  the  

uninformed, Lastly, soat records, l i k e  photographic films, 

can be used t o  make addi t iona l  copies. 

No t e s t  f l i g h t  should be made without previous careful  

neighing or t he  possession of the  r e q u i s i t e  data f o r  an accu- 

rate calculat ion of the f l y i n g  weight. In  t h i s  connection, mis- 

takes  are e a s i l y  made, which subsequently appear as very vexa- 

t i o u s  s i n s  of omission, It is not always poss ib le  t o  weizh an 
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a i r p l a n e  before  each f l ight . .  I t  is  then a,dvisable t o  eixyty t 

fuel tanks complctely and f i l l  them ancw. Any ca l ib ra t ion  sf 

f l a t  tank f o r  largo quan t i t i e s  of f u e l  i s  usua l ly  TJery unxl5.a- 

b l c ,  Tbere i s  no use i n  ca l cu la t ing  f l i g h t  performances t o  u i J 6  

i n  26, mhen there is an error of 5 l O $  in' the  f l y i g g  weizht. 

Al.1 f l i g h t  perfomances and some of t he  f l i g h t  character- 

i s t i c s  a r c  r e l a t ed  t o  the densi ty  of the atmosphere. An air- 

dens i ty  recorder was the  Object of the contest  for the.Rumpler 

p r i z e  (Koppe, Weber d-en Rumple*spreis," Z.FeXPI. 1922,  p.33 f f )  

Unfortunately, we do not ye t  have any s i r iy l e  u t i l i z a b l e  instru- 

ment of t h i s  kind. The a i r  densi ty  is, therefore,  s t i l l  com- 

puted from the barometric pressure znd the ternperature of the  

a i r .  

In 2 o s t  cases, t he  pressure-ganges can b e  harmlessly in- 

s t a l l e d  ins ide  the fuselage. The ei'fcct of the tempcmture i s  

s u f f i c i e n t l y  counteracted i n  good a l t ime te r s  and barographs. 

Grezt care must be taken t o  avoid pressure disturbances from 

a i r  eddies ins ide  the fuselage. This danger i s  especial ly  

great  i n  boat seaplanes, due t o  the one-sided closing of the  

hull. 

(0.08 in.) of mercury. 

The pressure disturbance can amount t o  as much as 2 m 

A simple and sure means f o r  confirming and eliminating 

such disturbances i s  the s t a t i c  soux-der (Fig,* 6). This i s  a 

s t a b l e  body, towed far  below the a i rp lane ,  which has on the 

s ides  of its tubular hesd, e l o t s  o r  holes l i k e  a P i t o t  tube, 



The undisturbed s t a t i c  3ressure is  transmitted through a rubbe 

tube t o  the pressure-gauges in  the fuselage. The u t i l i z c t i o n  

of a s t a t i c  sounder of s u f f i c i e n t  weight occasions no d i i f i c u l -  

t y ,  8,s it holds per fec t ly  steady duririg f l i g h t .  For  s inFle  32- 

t i tude  measurements, the stat  IC pressure equalization can of ten 

be dispensed w i t h .  The determination of the pressure d i f f e r -  

ence, however, is  important (e .g . ,  in  dynamic-pressure mxmure- 

ments with t h e  a i d  of Venturi tubes, o r  with a variometer o r  

statoscope) Changes i n  the angle of a t t a c k  during flis'nt, 

which also change the  flow about the fuselage, can ( e g g . )  pro- 

duce q u i t e  l a r g e  v e r t i c a l  notions,  a f a c t  which has h i the r to  

received but l i t t l e  a t t en t ion  i n  cormection wi th  t h i s  kind. of 

instruments. The s t a t i c  sounder is ,  moreover, an excellent 

instrument f o r  measuring pressure d is turbancw i n  and around 

an airplane.  

The determination, on a n  a i r p k n e ,  of the cor rec t  tempera- 

ture  of the atmosphere, presents  some d i f f i c u l t i e s .  The Cirect 

reading of thermometers in  the vicinity of t h e  fuselage eas i ly  

gives e r rors  of two o r  more degrees i n  climbing, on account of 

the  engine being in  f ron t .  T h i s  f a c t  has been confirmed by 

comparative measurements i n  g l ld inq  f l i q i i t  The thermometers 

should also be protected from the  sun 's  rays  and from moisture. 

Excessive i n e r t i a  manifests i t s e l f  disagTeeably, especial ly  on 

rap id ly  climbing airplanes A t  the  D,Vn 5 .  ("Deutsche Versuch- 

samstalt fdr Luftfahrt"), i n  g l id ing  f l i g h t ,  a quick-acting 



thermometer attashsd t o  an  a n t c n i  weight i s  suspended bcncath 

an  airplane. Vith 3i.c exccTtion of the meteorograph,* nonc of 

t he  recarding instsu-en ' is  p-iovcd vc-y saf icfactory.  It should 

be en&cx-qored t o  make 2 d lF tmt- indica t ing  c r  distant-recording 

instl-un^lent.** Tke l a t t e r ,  i n  pa r t i cu la r ,  p rsscnts  a rather  

d i f f i c u l t  re lay  problemo 

S t i l l -  rtore important i s  the deterrninztion of the dynmic 

pressure under d i f f e r m t  f l i g 5 t  conditions.  

P i t o t  o r  Venturi tubcs, which n e  i n s t z l l ed  02 some undistur'Ded 

part of the z-i-rplane. I m of tke opinion t b t  on cny airplane, 

without m y  very tro;lblcsor:e z k n s e s ,  a P i t o t  tube can be s o  

fclstened t h a t  the Trcssure d is turkmccs  175.11, i-r, m y  event, be  

l e s s  th?m the e r ro r  l inits  or" %he expcrfmnt .  Sa t i s fac tory  re- 

s u l t s  ccm generd3.y b e  oktaincd. b y  nou.nt?ng the P i t o t  tube €ar 

i n  f r o n t  of o r  sonewkt above -:he leading edgc of the wing.*** 

I n  zny event, i t  is advisable t o  v e r i f y  the r e s u l t s  with the 

a id  of the stpntic sounder. If necessary, the l a t t e r  ca-n be  

This is  done with 

used during the  t e s t .  This precaution i s  espccial ly  adviscble 

when Veiituri tubes are used, s ince the e r r o r  can then eas i ly  

amount t o  IQ-~O$. 

* igigaiA-Koppe, "Ein seuer Flugzeu~-~etecrog%aph,  Z.r"-E:. 
1923, p. '106. 
* *  L t -  the suggestion of the m i t e r ,  a very sa t i s f ac to ry  dis tant-  

indicat ing a i r  thernmeter bas since been made b y  Hartmann an6 
i3re.il.n, 2 ra.nl:fort a .Mu Geniany- 
**'E: E'er t3e ';+to Li l ien tha l  F r i z e ,  the PI-bot and Vcnturi tuj2es 
were noul;tcd half the w i n g  widxh i n  f ront  of ,  o r  two win2 thick- 
nesses a?xwe, the  leading edge of the q p e r  VIicg. 

-7 



The pressure  is  tmmmi t t ed  through tubes t o  the d i a l  o r  

recordi-ng device. These tubes must not be s o  small as t o  have 

zny appreciable dmiping ef fec t .  With sens i t i ve  Venturi tubes 

ami rapidly revolving arms, very in t e re s t ing  records are ob- 

ta ined of t h e  undamped negative pressurec;. 

As compared with P i t o t  trikes, tne  Venturi tubes have “se 

advantage of Greater a d j u s t a b i l i t y  and t h e y  do n o t  get stqrped 

up by ra in  o r  moisture s o  eas i ly  as the  fonier.  It zust be 

borne i n  mind, horever, that  dynamic-2rressure measurements 

w i t h  Venturi tubes may give w r y  i rLaccwate r e su l t s ,  i€ the 

variable stat ic-pressure disturbances i n  the v i c i n i t y  of the  

recording apparatus are not  measurcd an2 allowed f o r  i n  the 

calculat5on or (better) d i r e c t l y  cmnterc?ctrd. The recording 

apparatus f o r  Venturi tubes should, therefore,  be uade air- 

t i g h t  aid provided with a secmd conr,ec$ion f o r  the  undisturbed 

pressure  co’mt eracticno 

The determination of the  pos i t ion  of the a i rp lane  i n  space 

cons is t s  p r inc ipa l ly  i n  f inding the longi tzdinal  znd l s t e y a l  

incl inzt ions.  The zngle of a t t ack  i s  then determined from the  

longi tudinal  i nc l in r t ion  and the aggle of climb 

A s b p l e  pendulum i s  all that is  necessary for meamring 

the longi tudinal  incl inat iong .in unaccelcrated f l i g h t .  A 

suitable damper i s  essent ia l .  The l a t t e r ,  however, genamlly 

h3s the  disadvantage of carrying the penCu1m-i along w i t h  it i n  

sudden c&nges in  the longi tudinal  inc l ina t ion .  It f i n a l l y  
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Sccmes ;z question of $indins  tl comproEi'se as favorable as pos- 

s i b l e  for zccuracy, bctnecn thc e r rors  csuscd by tke  e f f ec t  of 

the  nccclerat ion on t5.c dampir,g device P!nd. the v ibra t ion  per- 

iod of the ner_dulurn. Very s a t i s f a c t o r y  r e s u l t s  3 r e  obtained 

i n  t h i s  case b y  Q nearly aperiodic  6anped c i r c u l a r  pcnCiulu3, 

which was f i r s t  succescfully employed by Hoff for measuring 

longi tudinal  i n e l h a t  ions on rzirplmes nnd w a s  calculated b y  

h i m  i n  i ts  matheiflatical-physicel propert ies .*  

S i x e  my perfomn-nce t e s t s  ha3 t o  do simply with unacc31- 

e ra t sd  f l i g h t ,  I enployed a. dmpi-ng device tvhose p r inc ipa l  ob- 

- j e c t  was t o  e l i n i n a t e  the very d is turb ing  acce lera t ion  forces  

i n  the d i r ec t ion  of f l i g h t .  This VELS s n t i s f s c t o r i l y  azcmfi- 

p l i shed  by  nec",ns of a, cy l ind r i ca l  o i l  damper lnrhich worked per- 

pendicular ly  t o  the acce lera t ing  f o r c e s .  There vrds a fu r the r  

s l i g h t  admntage, namely, t h a t  i n  the  event of very s t rong 

longi tudinal  acce lera t ions  (but only with these) ,  the damping 

p i s t o n  sahered t o  the cyl.inder wall and thus, f o r  the f i rs t  

moment, exerted an  cspec ia l ly  powerful braking ef fec t .  Since, 

moreover, the da!nper could b e  located outside the penduLur-9, 

s t r u c t u r z l  considerations (nhich were also a f fec t ed  by  i t s  

adaptat ion i n  the t r i p l e  recorder t o  5 e  mentioned l a t e r )  de- 

cidxd the matter. 

The above-described arrangement was found t o  give the 

b e a t  r e s u l t s  i n  the numerous t e s t  f l - ights .  
* 'Yo Hoff ,  Versuche an Doppeldeckern, T_Iuf%fahrt und IYisren- 
schaf t , "  published by J. S t icker ,  110. 6, p. 18 f f .  

 he indications --_- 
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bf the  instrwnent were fGund t o  be accurate .  

The measurement of t h e  l a t e r a l  incl inat ion,  the most imp0 

tan% question f o r  curving f l i g h t s ,  is fe,r  more d i f f i c u l t .  The 

bes t  the observer can do i s  t o  determine the  inc l ina t ion  t o  the  

horizon by mems of an  incliccmeter.  

Gl so 

v i c e  

Records of the  longi tudinal  and l n t  era1 inc l ina t ions  czn 

be obtained by metlns of a r l @ d l y  in s t a l l ed  k ine t ic  de- 

w i t h  a wide anglc :And t h e  imcge of t h o  horizon o r  of the  

sun or of a shadow point .  

r i c  %lethods on it previous occasion.* I w i l l  xeention, howevcr, 

that  the determination of the f l i g h t  path from the  grour;d i s  

a v e r y  vzluable supplement t o  a t e s t  f l i g h t .  I o n l y  nced iicrc 

t o  c a l l  s t t cn t io i l  t o  the great importance of the dynazonctzr 

I have discussed o t h e r  photogrammet- 

hub for dctcrmining f l i g h t  perfomimces, which arc thereby 

placcd on a rmch broadcy foundation.** 

Every c i rp i ane  p i l o t  f l i e s  more o r  leeso according t o  feel-  

ing. He 31ust, illdeed, be able t o  do  so,  s ince  otherwise he 

could not  leern  t o  f l y  a n  e n t i r e l y  new t m e  of a i rplane.  He 

f e e l s  the f l i g h t  charac te r i s t ics ,  s o  t o  spezk, i n  the control  

s t i c k .  This f ee l ing  is, however, rcostly qua l i t a t ive ,  while 

the  indibatiions of t he  instruments a-nd the  calculat ions of the 

observer are quant i ta t ive.  Eenae thr: av i a to r  must learn t o  

supplement h i s  f ee l ing  by means of t he  instrumcnta. Fl ight  

von T;uftfalirzeuqc.n,'i Z.F.M* 1923, p. 17 f f .  
* *  W. Stiebcr ,  !'Die Hessnabe,lf Z.FIM, 1924, p. 69 ff. 

-- -- 
* X o p e ,  "Verfahren zur  M e s s ~ . . ~  d.cs ~ e s c h ~ i r i d i ~ ~ ~ e i t ~ ~ - e i s ~ ~ ~ ~  
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pcrI"ommces can be made only in  t h i s  way. This const i tutes  

s k i l l e d  f l i g h t ,  which should perhaps be ranked higher than 

s tun t  f l7ing. The fomer could be made the object of a contest  

j u s t  as w e l l  as the l a t t e r ,  

flown chief ly  according t o  t h e  navlgation instruments, whi9h 

seems e n t i r e l y  possible from what 'ms already been learned. 

Very l a rge  a i rp lanes  should be 

The preceding lecturer* has reported the  r e s u l t s  of the  

experiments on the  seaplane Ro 11 1, s o  that  it only remzinz; 

f o r  m e  t o  explain how they were oStained and t o  i l l u s t r a t e ,  by 

an example, hotv they were fu r the r  u t i l i z e d .  

In  t e s t i n g  the climbing a b i l i t y , ,  the  avisttor was inst ruct-  

ed t o  fly with wide-open t h r o t t l e  and. w i t h  the same constant 

dynamic pressure that had previously been most fava rabl e 

f o r  climbing. Gusts were t o  be counteracted as l i t t l e  z s  pos- 

s i p l e  b y  operating the rudders. The records of the  longi tudinal  

incl inat ion,  dynamic pressure and n l t i t u d c  show that these re- 

quirements mere la rge ly  f u l f i l l e d  (Fig.  7 ) .  

The climbing f l i g h t  was evaluated nccording t o  a very s i m -  

p l e  process previously employed by  the F.m&ian Technical Sec- 

t i o n  of Aviation (Flugzcuggeisterei) ,  which hzci proved very 

successful in  practice. and which w i l l  therefore  be  b r i e f l y  ex- 
. 

plained here. If we designate the  a l t i t u d e  by z, the ver t ic -  

a l  climbing speeq by w 2nd the a i r  presswe by p, we then 

* 'Adolf FCohrhach, lfNeue Erfa'nlrungem E i t  GrossfI.ugzev.gen,lt Jshr- 
buch der  W.G.L. 1924, pp. 29-36. Also 2J.A.C.A. Technical Xemo- 
randum ?To+ 353. 
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haye the follorrir,g 

The a i r  dens i ty  y is here given i n  kg/m3 and - i n  
d r  

km-2 = see. --I and w i s  thus obtained i n  m/sec. 

The pressure var ia t ion  is obtained as follows: The 25.r 

pressure  is  taken from the a l t imeter  a t  uniform in te rva ls  of 

AT (sbout every 2 minutes) snd determined according t o  the 

ca l ibra t ion  m m e .  The mean LBm, of t’ne prcssure differences 

A B ,  mult ipl ied by the spcc i f i c  gmvi ty  of nercury, gives the 

value o f  Op with su f f i c i en t  cccuracy. 

During t he  f l igl i t ,  t he  tcrqeratures a r e  read an2 the  a i r ,  

dens i t i e s  a r e  calculated from the corresponding a i r  pressures. 

The air dens i t ies  are’then p la t t ed  against  t he  s i r  pressures. 

This gives a d e f i n i t e  value O? w f o r  every ABmm For the  

v e r t i c a l  climbing speed i n  m/sec., we thus obtain 

For  the region where the af t i rnetr ic  curite i s  

in t e rva l s  AT may be made longer. Hence w e  

f l a t t e r ,  the tinle 

need only t o  p l o t  

the  tempemturc o r  air dens i ty  against  the a . i r  psessure o r  time. 

The v e r t i c a l  climbing speeds can be conveniently deter- 

mined from 
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T i m e  
min. 

0 

2 

4 

6 

8 

10 

12 

14 

__. 

Temp. 
t o  

i n  *C 

8 08 

5.5 

2.4 

0,6 

-0.8 

-1.5 

-2.0 

-2.4 

A i r  
)res sure 
B m SQ 

755.3 

719.0 

690.0 

676.0 

659.0 

643.0 

627.0 

631.0 

Table I. 

I i f  €e ren c e 

A B  

36.3 

23.0 

20.0 

17.0 

16.0 

16.0 

14-0 

pvi can 

A B ,  

29.6 

21.5 

18.5 

16,s 

16.0 

15.0 

14.0 

. i r density 

Y i n  kg/@ 

1.245 

1 f 198 

1.172 

1.147 

1.124 

1: 100 

1.075 

1.052 

Climbing speed 

2.80 

2.19 

1.85 

1.65 

1: 65 

I, 60 

1.50 

Fror.2 the air densi ty  and the dynamic pressure we deteinine 

the air s-peed according t o  t h e ' f o d u l a  

The a i r  speed, its l i k m i s e  the v e r t i c a l  climbing speed, was 

p lo t t ed  against  the n i r  dens i ty  (F ig .  8, I and II), From both 

curves, the values of the eir speed ( o s  f l ight-path speed) and 

v e r t i c a l  speed were found f o r  y = 1.18, Y = 1.16, etc.  up 

t o  Y = 1.00 kg/$. The sngle  of climb 9, between the f l i g h t  

pa th  and the horizontal  plane, '  i s  given by the equation 

E/V = sinrp (F ig .  8, 111). 

between the wing chord and the top of the fuselage, we obtain 

t h e  tingle between t3e wing chord and the  horizontal .  

By adding t o  th i s  angle the angle 

The dif- 

ference between the latter angle and the measured longi tudina l  
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inc l ina t ion  (Fig6 8, m) i s  the angle of a t t ack  a (Fig. 8, V) 

It i s  obvious that, when q i s  constant,  the  angle of at 

t ack  a z l s o  remains constant, w i  i n  t be  range of experimental 

accuracy, thereby demoas'trat t a well-executed experi- 

mental f l i g h t  is not nccessct 

of the experimental conditions, 'than an experiment w i t h  a 

model i n  a labora tory .  

c 

~y l e s s  r e l i ab le ,  i n  the accuracy 

80. 

_I 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

T a l  ' e  11. 

Ro I1 1 Flight  No. 44. Climbing Flight: 
4 

A i r  
3ensi ty  

Y 

1.18 

1.16 

1.14 

1.12 

1.10 

1.08 

1.06 

1.04 

3.02 

1.00 

kg/ro3 

A.ir 
sp e ed 

m/sec 
35.45 

35.75 

36.05 

36.40 

36.70 

37.10 

37.45 

37.80 

38.20 

v 

38 60 

Y 

Climbing 
speed 

m/sec. 
2.30 

2.15 

2 - 0 0  

1. @€-' 

1.68 

1.52 

1.36 

1. 19 

1501 

0 - 8 4  

W 

=A= 4910 = 0.90f 'a F q 71.4 X 76 

Fv 
v 
- 

s incp 
0:0643 

0.0602 

0.0555 

0.0506 

0.0458 

0,0410 

0.0363 

0.0315 

0.0264E 

0.02175 

Lngl e 

; 1 i m b  
r; 0 

3.7 

3.45 

3.2 

of 

2.9 

2.6 

2.35 

2.1 

1- 8 

1.5 

1-25  

Long. 
inc l i -  
nat ion 

3-50 

9.7 

9.6 

9.5 

9.35 

9.15 

8.9 

8.7 

8.3 

7.9 

7.35 

Angle 
o f  

a t t a c k  
. aQ. 
6.0 

6.15 

E. 3 

6-45 

6.45 

6.55 

6.6 

6.5 

6.4 

6.1 

cW = 0.0982 X 0.906 =z 0-089 

Dynamic pressure q = 76 Q / m 2  
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- 
NO. 

_I_ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

2 0  

Eo : 
Engine 
p owe r 

N, m. 
676 

662 

646 

632 

618 

604 

58 8 

57 2 

5% 

542 

Table TI (Con%.> 

1 Fl igh t  Tie. 44. Climbing F l igh t .  

0.0986 

0.0983 

0.0980 

0 0979 

(3.0984 

0,0985 

0.0980 

0,0979 

O m  098 5 

0.0982 

.+ Y a X u e s -  
NO. 

I; 2 

2 ;  3 

3; 4 

4; 5 

5 ;  6 

6; '7 

7;  8 

8 ;  9 

9; 10 

1; 4 

02 52 

0. 52 

0.58 

0.60 

0. 57 

0. 52 

0.54 

0.63 

0.56 

0.54 

e a - - - -  - 6 -  '4g10 = 0.906 (?\ 
F q 71.4 X 76 a'mean 

cwi 0,0982 X 0.906 0.089 

o f  rl 
NQ 

1; 5 

1; 6 

1; 7 

2 ;  7 

2 ;  6 

3;7 

8 ;  3.0 

6; LO 

6; 9 

5; 9 

r o m  

0.55 

0.56 

0. 55 

0.56 

00 57 

0.57 

0r61 

0.53 

I 0.56 

' 0.56 

Dynamic pressure 

Mean rl = 0.56 

q = 76 kg/m2 
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The values thus obtained are given i n  Table I1 f o r  a i r  

d e n s i t i e s  from 1.18 t o  1.0@, along with tke corresponding en- 

gine powers. The equation 

represents  a r e l a t i o n  between cw/ca and q ,  which holds t r u e  

f o r  all t he  above values. 

From each two successive equations, we obtain values f o r  7 

and c,/ca. 

constant, t h e  values of ow/ca must agree i n  a11 equations. 

Ten equations oan thus b e  made up. 

Since the dynamic pressure and angle of a t t a c k  a r e  

If we combine only two successive values of 

t he l e s s  obtain values f o r  Tl which d i f f e r  but l i t t l e  from the 

mean of 0.56. 

cw/ca, we never- 

I w i l l  now present another generally appl icable  method 

f o r  evaluating a i rp lane  performances, which I worked out w i t h  

Ids. Spieweck, 

The motion equations of an a i rp l ane  read: 

75 N - G w - CW F q v 0 

- G +  d ' a ~ q  = O  

If the dynamic pressure q 

C a  i s  a l s o  constant, i . e . ,  t he  angle of a t t a c k  u i s  constant 

and consequently cw i s  a l s o  constant.  Since 

is  constant i n  equation ( 2 ) ,  then 
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equat-ion (1) can also be written': 

f mi tuhi.ch WE! obtain .$be ,ver t ica l  climbing speed: 

Now, i f  the  dynanic pressure is conctant, then 

i s  also constantY E€ we p l o t  the v e r t i c a l  climbing speeds, ob- 

ta ined  at; a constant d-ynamic pressure q.,, against  

obtain the curve q, ( F i g .  9 ) .  

In t h e  example considered, the curve of the  climbing speed 

we 
$=j 

p l o t t e d  againsac the reciprocal  of the square root of t he  s i r  

densi ty ,  a t  t h e  dynamic pressure q, , very closely approaches 

a s t r a igh t  l i n e .  

f a c t  t b a t  t h i s  curve does not  always conform ( o r  only approxi- 

mately). t o  t heo re t i ca l  considerat  ions 

Especial  note  may therefore be made of the 

If the power output of the  engine did not vary w i t h  the  

a i r  density,  t h e  climbing-speed cum@ would be the s t r a igh t  

1 i n e  

whereby 
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75 Y, Ne r 
CQ = 

G 

' I b i s  l i n e  would cut  the w a x i s  a t  the point  w = Co. A second 

F0in.t; mould be  given by the climbing speed wo at  the noma1 

dens i ty  Yo and the dynamic pressure ql. 

Since the value of Co = 75 '0' 

it  can, a t  f i rs t ,  be arbitrari ly as,sumed. f w i l l  show l a t e r  

that the  f u r t h e r  considerations axe r e a l l y  independent of the 

is generally not knoxn, 
G 

value of Co. The s t r a i g h t  line I ,  which thus corresponds t o  

the  theore t ica l  v e r t i c a l  clim3ing speed of an airplane mith the: 

dynamic pressure q,, at a constant motive force,  accordingly 

passes through wg and an a r b i t r a r i l y  assumed point Co. The 

devia t ion  of the measured curve q, from the theo re t i ca l  

s t r a i g h t  l i n e  I proceeds f roa  a decrease i n  N rl . It according- 

l y  indicates  how much the ver t ica l  climbing speed is reduced 

by the a i r  density.  

ent of the dynamic pressure. If, therefore,  the v e r t i c a l  climb- 

ing  speed (a t  the dynamic pressure 

t y )  is known and i f  the difference a (coordinated w i t h  t h i s  

a i r  densi ty) ,  between the  measured cume q, and the  theoret- 

These differences a r c  therefore  independ- 

q, and a given a i r  densi- 

i c a l  s t r a igh t  l i n e  I, is  added t o  it, a point  is thus obtained 

on the theore t ica l  l i n e  11, which can then be drawn through 

t h i s  point 8nd Go. If the  differences betwcen q, and I 

(from If out) are p lo t ted  f o r  the  d i f f e r e n t  air dens i t i e s  (Figs  

IO), (hence a1 = a,, b, = b,, e t c , ) ,  the  curve q, , can then 



W * A C A .  T echnical Xemorandm No. 359 20 

The point b e  drawn through 

the curve g, w i t h  the ’ a x i s  then g;ve:: the  ce i l i ng  at  
4 F =  9 

of in tc rscc t ion  of these points .  b e  drawn through these points .  The point of in tc rscc t ion  of 

a x i s  then g;ve:: the  ce i l i ng  at  the curve g, w i t h  the ’ 
4 F =  9 

c15mbing-speed curves for the  dynamic pres tures q,, q,, etc . ,  

can be constructed, i f ,  for each of  these dynamic pressures,  

even a single  climbing-speed value f o r  a given a i r  dens i ty  is 

known. Te s e e  t ha t  the above case has t o  do only w i t h  -the con- 

s t ruc t ion  of similar curves, which i s  .therefore ac tua l ly  iade- 

pendent of  the value o f  C o o  C, must simply lie on the tv 

a x i s  and rmst be tho point of i c tessec t ion  of a l l  the s t ra ight  

l i n e s  1, 11, 111, etc. 

i, 

L2”stly, the  dynamic pressures do not  need t o  be abGo1ute 

values. It is only necessary f o r  the pressure @ugc t o  be 10- 

ca ted  a t  the same point on the airplane.  The pressure diskmb- 

ances about an a i rp lane  change pr inc ipa l ly  v i t h  the angle of 

a t tack .  With constant q, t he  pressure d i s t u r b a x e s  a l s o  

hzvc constant values. -4ftcr we have thus plot ted several ver- 

t ical-cliabing-speed curves, w e  can p l o t  them against  the dy- 

namic pressure f o r  differerit  a i r  dens i t i e s  end thzs obtain a 

simple g a p h i c  representat ion (Fig.  ll), from which w e  can de- 

termine all p r a c t i c a l  a i rp l ane  perfomdnces f o r  a l l  zir dcnsi- 

t i e s  ( t L t  2 given f l y i n g  weight and w i t h  the  Sc?-me engine w-ni-ng 

a t  suu speed). 

I h v e  appl ied t h i s  method f o r  present ing  the p rac t i ca l  

r e s u l t s  of t e s t s  on various airplane types. The r e s u l t s  were 
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ve ry  sa t i s fac tory ,  always assuming, of course, good "quanti  

t i v e  f lying."  On the a i rp lanes  tes ted  by t h i s  method, which 

d.ic? not :have supercharged engines, the  decreace i n  the value of 

E T  was nearly proportional t o  the a i r  densi ty ,  i .e. ,  the  

curve of the v e r t i c a l  climbing speeds p lo t t ed  a p i n s t  the  re- 

c i p  rocal  of the  square root  of the  a i r  densi ty ,  f o r  a given 

dynamic pressure, c lose ly  approximat cd a s t r a igh t  l i ne .  The 

vertical-climbing-speed curves ( s t r a igh t  l i n e s )  f o r  the  -j.arious 

dynamic pressures  in t e r sec t  one another again according t o  

well-known geometrical pr inci2lcs ,  a t  a point on the w ax is .  

The construction is, therefore ,  considerably s implif ied in  

t h i s  case alone. 

The speed tes t  ws car r ied  out over a l a r g e  (nezr ly  equi- 

l a t e r e l )  t r iangle ,  i n  such a way as t o  u t i l i z e ,  a t  f i r s t ,  a 

s u i t a b l e  layer  of a i r ,  which .was as quiet  as pocsible. 

layer ,  by a t t e n t i v e  observation of the a l t imeter ,  the dynamic 

I n  t h i s  

pressxre was determiged a t  y:hich the a i rp lane  was horizontal ly  

flown. The speed t e s t  was therefore  f1.own not according t o  the  

a l t imeter ,  but according t o  the Tressure-gauge. The observer 

seldom had t o  make any correct ions.  The accompanyinz drawings 

(Fig.  12) show that the a l t i tude was, i n  f a c t ,  admirably main- 

ta ined.  

niade by the  op t i ca l  firm of C. P. Goerz, of Friecksu, was used.- 

A very sens i t ive ,  undamped recorder (F'ahrtschrei'aer) 

The speed t e s t  was evaluated according t o  the well-known 
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method already reported." The r e su l t  shored a good agrement 

b e t m e n  the speed measuremknt from the  ground and the dynamic- 

pressure record. I w i l l  now give a few p r a c t i c a l  r e s u l t s  which 

r e l a t e  nainly t o  the construction of a su i t ab le  instrument;. 

The performances of an  a i rp lane  can be generally deter- 

mined from simultaneous measurements of a i r  densi ty ,  dynamic 

pressure  and longi tudinal  inc l ina t ion .  I n  the f irst  tes+,s, 

separate  recording instruments were employed f o r  the atmospher- 

i c  pressure and temperature, dynamic pressure arid longitucZina1 

incl inat ion.  During the course of the subsequent t e s t s ,  I de- 

veloped a combination instrument, the first form of which I 

w i l l  now describe,  s ince i t  did good work and the desiqn of the  

instrUrne3t €o r  quant i ty  production has not ye t  been settle$-.. 

A separate  report  on t h i s  w i l l  be  mde  l a t e r ,  

I combined the ava i l ab le  successful instruments i n t o  a 

threefold instrument f o r  recording barometric pressure,  d-ynamic 

pressure and longi tudinal  icc l inn t ion  simultaneously on the : 

same drum (Fig.  13) The longi tudinal  inc l ina t ion  recorder and 

the  dynamic pressure recorder are  f i rmly b u i l t  i n to  the founda-' 

t i o n  frane,  bu t  the a l t i g raph  is the ordinary in s t ru i en t  and 

i s  ezs i ly  exchangeable, s o  that f o r  each t e s t  f l i g h t ,  the  al-bi- 

graph can b e  used, whioh i s  best  su i ted  t o  the a l t i t u d e  t o  be 

reached (Fig. 14) .  

* Koppc, "Verfahren zur 141essung der Geschwindigkeitsleistung 
von Euftfahrzeugcn," 5.F.M. 1923, p 4  17. 

Since the n l t i g raph  is  used w i t h  i t s  clock- - - 
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work, over whose drum anothcs long cl-run? i s  sl ipped, it is PO 

b l e  t o  make a selection%according t o  the revolution period of 

t h e  clockvork. There are always aviilzb7,e for the t e s t  f l i g h  

sufficient a i t i g raphs  of various a l t i t u d e  ranges w i t h  exc'mnge- 

able h a l f - b u r ,  two-hour, four-hour and six-hour clockworks. 

For the  dynamic-pressure determination, EL Goerz recorder ~ms 

used, which mas izlade f o r  the h n p l e r  p r i z e  contest; (Koppe, 

"Ueber den Rumplerprcis,ff Z.F.M. 1922, p.33 f f ) .  This instru-  

ment has given good service.  The capsullss elrployed are ,  how- 

ever, very f l e x i b l e  ar,d consequsntly very sens i t i ve  t o  unde- 

s i r e d  external influences.  In the  last experiments, therefore,  

Bruhn tubes, with spec ia l  capsules made by the Ascania (Bm%erg) 

Works ct Friedcncu, were used n i t h  great advantage. The longi- 

tud ina l  i nc l ina t ion  recorder hnd been used b y  me as a separate  

instruncnt i n  e a r l i e r  experiments. It was mcde from an  a l t i -  

graph md gave good service i n  i t s  present very simple fom. 

The cylinder of  the p is ton  damper mas f i l l e d  with a mixture 

of o i l  m d  kerosene and could be closed f o r  transportation. 

d 

The long recording d r m  could b e  sl ipped over the regular 

drum of tLn ordinary a l t ig raph .  B su f f i c i en t  supply of prepared 

drums wcl,s always carr ied,  so  that no long pauses between the 

t e s t  f l i g h t s  were  necessary f o r  removing and t r e a t i n g  the  soot  

records cnd preparing the d m s  f o r  the next f l i g h t .  

shor t  time was required t o  exchange the d-iuvns. It was, i n  

f a c t ,  found advantageous t o  use hal€-houx clockworks and make 

Only a 
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t h o  exchanges Curing the  flight. 

u l d r  rzltigrcl;?hs was erployed f o r  mxrking “sit: t h e  uit zrvzls. 

The marking device on the reg- 

T h  t h r o w o u t  l eve r  on the a l t i g raph  v a s  1;3ng;+;kwd, s o  t h a t  

a l l  t l x  recording l eve r s  could be  thrown aut simultamxusly 

and the  cl~ockwcrk coupled o r  uncou;?led from t h e  outside. 

The hms ing  i s  nade of sheet aluminm with a f f ~ c l l o n t f  nin- 

don f o r  the  observation of the record-s during f l i gh t .  Since 

this ,Dousing could not be nade pe r fec t ly  t i g h t ,  t he  pressure 

distur‘aanccs in  thc vicinZty of the i s s t m x n t  had t o  be espec- 

i a l l y  noted and takcn in to  account i n  t he  subsequent evalua- 

t ions ,  

d~yxamic-pressure neasurements) tbat t k e  va r i a t ions  i n  the  stnt i c  

It was repeatedly found (esl2cciall.y i n  evaluating the 

prcssure r t t  the ctifferent angles of 2 , t - t s k  required special  at- 

tention. 

The apparatus nm suspencted by  s u i t a b l e  spr ings between 

two fixed poin ts  (Fig.  15) .  

nethod, the aclvantagcs of which rreeci not b e  discussed a g i n  

hcre .  

ec?. by F igs .  16-1-7. 

The records Bere 3sCe b y  t h e  soct 

Their f ineness and accuracy Cre s u f f i c i e n t l y  dersonctrat- 

The evaluation of such a soo t  recorn can b e  made (as is 

done Gaily i n  t he  aerological  observatory) s i q l y  with grscuat ec?, 

paper a p a i r  of dividers .  T i ~ e  rarks, nhich can be made on 

211 the cumes by the recording levers  t hhse lvs s ,  or by s q a -  

r c t e  l eve r s ,  g rea t ly  f a c i l i t a t e  t h e  eyzluation znd coord imt ion  

of sirnultaneous points  on the d i f f e ren t  curves. 
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For shortening the eva>luation, Z h?-ve  ids the  process 

s t i l l  rore mechanical, as shown in  Fig. 18. Tke soot record, 

afkcr  it has been fixed by spraying w i t h  a d i l u t e  solut ion of 

shel lac ,  is s o  placed on the drawing board of: the apparatus 

that t h e  base l i n e  is parallel t o  the lower s t r a i g h t  ccigz and 

i s  then securely clamped with the  l a t t e r .  The time scale Dust 

then b e  properly adjusted. Since, i n  s p i t e  of carefu l  adjust-  

ment; the d i f f e r e n t  clockrrorks do not run exactly alike,  the 

in t e rva l s  between ivho1.c and mult iple  minutcs must l ikewise 

vary. This i s  effectcci by moving the time scale and instcnd 

of u t i l i z i n g  the  d iv is ion  nark Girect ly ,  i t s  pro jec t ion  on the  

horizontal  l i n e  i s  usca. It i s  thus possible,  b y  t h e  c o r r e  

sponiiing inc l ina t ion  of t he  scale, t o  d iv ide  su i tab ly  each in- 

terval between two time marks. The coordination of simultane- 

ous ?o in ts  i n  the 2-ifferent curves is  accor.iplished by means of 

a t r a n q a r e n t  "ceLlonft sheet, w'nich has c i r cu la r  arcs nczr its 

l e f t  edge, correspon=ling t o  the paths of the recordling s t y l i  

on  the  drum a t  r e s t  and which i s  sh i f t ed ,  p a r a l l e l  t o  i t s e l f ,  

along the loger  straight edge, from t i n e  m r k  to  time mzrk o r  

f w m  d iv is ion  t o  divis ion.  The experimental values are then 

ttUkcn d i r e c t l y  from the corresponding graduated sheet.  If the  

l n t t e r  i s  t ransparent  enough, it can be la id  clirectly on the 

"ce l lonJ '  skeet .  In the evaluation of numerous f l i g h t s  made 

w l t h  tbe  same apparatus, it i s  ac?visable t o  draw the  s c a l e  on 

t h e  "cellcn*' sheet  i t s e l f .  This evaluation Ynctkod hzs prcved 
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very sa t i s f ac to ry  and enables quick and r e l i ab le  r e s u l t s o  T 

ccordimted values from the individual drawings can, f o r  ex- 

aayle ,  be t ransferred every minute t o  a n m e r i c a l  t ab le"  

A good dynamic-pressure tgauge is  of special  inportance 

f o r  a l l  t e s t  f l i g h t s .  Care must a l s o  be  taken t o  reduce retar-  

da t ion  through i n e r t i a  as much.as possible .  The, tubes should 

not be too  small, although no a i r  is traiismitted. Ar,y nuiber 

of ind-icating o r  recording instruments can, with the aia of 

T-pieces, be connected with the same measuring instrument. In 

us ing  Venturi tubes, special  a t t e n t i o n  must be given t o  t he  

s ta t ic-pressure disturbances. If several  indicators  are usedL, 

care  must be taken t o  have t h a  a l l  under the saxe s ta t ic  pres- 

sure .  The t a s k  of the  cirplane p i l o t  i s  s imply t o  f l y  accord- 

ing t o  the dynamic pressure,  During a s e r i e s  of t e s t s ,  he must 

therefore  keep the dynarnic pressure constant b y  a very cautious 

manipulation of the elevator  control.  It  i s  e n t i r e l y  ind i f fe r -  

ent  a6 t o  how the sca le  on the indicator  i s  divided, bu t  i t  i s  

b e t t e r  t o  indicate  the dynamic pressure i n  rnillime'iers of water 

co1.urin ra ther  than i n  the of ten n is leading  speed sca l e  of kilo- 

meters per  hour. It is only important f o r  the  p i l o t  t o  deter-  

mice experimentally a t  w h a t  pos i t ion  of the  pointer  the air- 

pl%ne clir-ibs best  and f o r  him t o  understand the danger of fall- 

inq below t h i s  value ( i . e . ,  of l'stalled f l igh t1 ' ) ) .  

1ieLpful t o  mark th i s  dynamic-pressure value i n  red. Exceeding 

an upper limit of t he  dynamic pressure may also become danger- 

It is  vcry 
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our,. 

of the a i rp lane  is, however, seldor,? reachcd. The p i l o t  may a1 

notc a t  what dynamic pressure ( f o r  I given a i r  densi ty)  the a i  

pLme f l i e s  horizontally.  The dynamic pressures f o r  horizontal  

f l i gh t  at  the  pr inc ipa l  a l t i t u d e s  might be  marked on an accm- 

p a y i n g  scale. It should be remembered that these values apply 

only t o  the  p a r t i c u l a r  a i rp l ane  w i t h  the f i m e  1oa,d and thhe same 

poxcr plant .  

ca tor  cannot be urged too s t rongly on p i l o t s ,  even of cocimr- 

c i a l  a i rplanes 

This upper limit, m'nich is  detemiimxl b y  the safe ty  fac 

The u t i l i z a t i o n  of the dynamic-pressure indi- 

The climbing speed of an a i rp lane  i s  generally determined 

b y  the  increase in a l t i t u d e  per  un i t  of time. If we only 'bad 

an  instrument which would indicate  d i r e c t l y  the v e r t i c a l  climb- 

ing o r  sinking speed (i. e., a sens i t i ve  variometer) , it  would 

b e  an  easy task,  f i rs t  t o  determine the dynamic pressure for 

t he  bes t  climbing f l i g h t  and then t o  measure and record the 

corresponding climbing speeds and dynamic pressures  f o r  the 

d i f f e ren t  a i r  dens i t ies .  Unfortunately no variometer has yet 

been ab le  t o  meet, even approximately, the  requirements f o r  

such an instrument. Your a t t en t ion  i s  ca l led  once more t o  t he  

gzeat sensi t iveness  of thhe variometer t o  the s t rong external  

pressure disturbances.  I w i l l  a @ i n  descr ibe b r i e f l y  an air- 

plane-performance t e s t ,  as bes t  execute& in  accordance n i t h  

t3?e above-mentioned methods and practical .  experience. 

Immediately a f t e r  the factory t e s t  flights, the i n s t a l l a -  
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tiGn of the instruments can be  begun, s o  that the  p i l o t  can 

come familiar w i t h  them from the f i rs t .  The s c i e n t i f i c  ob- 

server  will l ikewise improve every opportunity t o  study thor- 

ough1.y the p e c u l i a r i t i e s  of the  airplane.  Both p i l o t  and ob- 

server  must mutually take every precaution t o  b e  in  accord re- 

pr tding cvery poss ib le  event; i n  a word, t o  become per fec t ly  

familiar wi%h the a i rp lane  i tss l f  and with the  tasks t o  be 

perfo-med. Then ors'ly ni.11 thcy be  ready t o  make the  rea l  t e s t  

f l ightss .  The in s tmnams  must be  i n s t a l l e d  w i t h  great  care 

n o t  t o  damage the a i rp lane  and t o  avoid a11 unnecessary a i r  

res is tance.  Only the  instruments f o r  taking the dynamic and 

s t a t i c  pressure ( s t a t i c  sounder) and a thermometer w i l l  be out- 

s i d e  the fuseiage.  The threefold recorder, which requires  con- 

s iderable  space, is  in s t a l l ed  i n  the fuselage,  s o  as t o  be 

ea,si ly accessible .  The observer must s i t  as near as possible  

t o  the p i l o t  and, i n  any event, he must bzve the same view as 

the  la t ter .  

A program must be arranged before  every t e s t  f l i g h t  and 

must b e  sone over cs rkfu l ly ,  i n  all i t s  de t a i l s ,  b y  the piZot 

and observer, until theze is  no dsnger of any misunderstanding, 

An accuratc determination of the f ly ing  weight r u s t  be  made 

befDre each f l i g h t .  This can be  done best; by ac tua l  weighing 

i n  a hangar with t h e  d-oors closed, as the force of the wind 

may great ly  a f f e c t  the r e s u l t .  The recording instruments are 

thrown into gear s h o r t l y  before  the start, i n  order t o  obtain 
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comparative values f o r  t he  d i r e c t  observations, which must be 

madc simultaneously. The temperature and the barometric pres- 

s-L.~'E: arc taken on the  ground. The longi tudinal  incl inat ion i s  

redd on a spec ia l  inclinornoter, firmly secured i n  the d i r ec t ion  

of the wing chord. General observations on wind and weather 

a r e  a l so  ndted. 

From the very beginning of the f l i g h t ,  the p i l o t  and ob- 

s e b e r  cooperate i n  the performance of t h e i r  t ask ,  i b e . #  the 

observer a l s o  f l i c s  the airplane theore t ica l ly  cnd, when nec- 

essary,  assists the p i l o t  by  signs. He mst  and can make many 

nore obsemat iom than the p i l o t ,  even those which simply con- 

cern the p i lo t ing .  Me is i n  a pos i t ion  t o  ve r i fy  hfs  observa- 

t i ons  by  the instruments and constant ly  increase t h e i r  accuracy. 

Experience in  p i lo t ing  and s c i e n t i f i c  education place the  ob- 

server  on the same l e v e l  w i t h  the expert p i l o t .  In  a l l  the 

observations, the constant watching of the  instruments and es- 

pec ia l ly  t'ne making of t i n e  marks at regular intervals i rnust  

not, b e  neglected. Occasional conparative readings assist and 

f a c i l i t a t e  t he  subsequent evaluation. The f i n a l  observations 

a r e  made after the  landing, while the recording instruments 

a r e  s t i l l  running. The wdight of the  a i rp lane  must also be 

fo3~nd again. 

A s  soon as possible  a f t e r  each f l i g h t ,  the  p i l o t  an& ob- 

szr:-er must careful ly  go over together each individual obser- 

v3ztion an6 record and Bake wri t ten notes of a11 pert inent  
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points .  Appttrcntly unimportant it ens may, i n  tke subsequent 

evalzation, assune important ro les  arid l e a d  t o  important con- 

cl:isioasU 

t i z i p m t s ,  i -n  the in t e re s t  of accuracy. It is, namely, &visa- 

A concession may here be made t o  the pr inc ipa l  par- 

ble t o  have the  r e s u l t s  of t he i r  discussion recorded ( i n  short-  

hard,  i f  possible)  by  a t h i r d  par ty ,  s ince  p i l o t  and observer 

a r e  generzlly t o o  busy vrith the  a i rp lane  and instruments and 

a r e  of ten too t i r e d  t o  r ake  wr i t t en  repor t s  with the r equ i s i t e  

care.  

Since t h e  speed t e s t  necess i ta tes  a ca l ibra t ion  of the 

dynmic-?ressure gnugc;, it i s  best  t o  make t h i s  at the begin- 

n ing  of the t e s t  f l i g h t s .  I b v c  previously made a deta i led  

report  on the di f fe ren t  nethods f o r  determining the speed." 

Generally i?, t r iangular  f l i g h t ,  at  not t oo  great a n  a l t i t ude ,  

over  marked poin ts ,  is  su f f i c i en t ly  accurate. 

3Cf t'ne dynamic-pressure gauge i s  found t o  be correct ,  the 

c l h b i n g  t e s t s  a r e  made a t  d i f f e ren t  dynamic pressures.  

t h e  dyxmic pressure  f o r  t he  best  climb is t o  be determined. 

I n  so  far. as i t  can be done without danger t o  the crew o r  c r a f t ,  

Hereby 

it  i s  des i rab le  t o  obtain a t  least one dynamic-pressure value 

f o r  stalled f l i g h t .  T h i s  i s  e s sen t i a l  f o r  compiling the flight 

charac te r i s t ics .  The airplane w i l l  %hen be flown as closely 

as possible t o  the best  dynamic pressure f o r  climbing t o  the 

von Luftfahrzeagen,ft Z.F.ld. 1923, pa 17  f f .  



o r  

It generally sv-ffices t o  make these f l i g h t s  f o r  the Ceter- 

minaticm of a l l  the f l i g h t  performances according t o  the t:bove 

methods. If questions o r  gaps should be disooverad during the 

evaluation, fur ther  t e s t  f1ight.s must thnn b e  made. Care mzat 

of course be takcn t o  hold s t r i c t l y  t o  the same experiazqtal  

conditions.  It i s  then poseible  t o  de te rn ine  a11 the thearet- 

i c a l  bascs f o r  engine f l i g h t ,  a t  constant t h r o t t l e ,  with an ac- 

curacy not poss ib le  i n  t e s t s  with models. 

I n  conclusion, I w i l l  add a few words on the  appl icat ion 

of t h i s  method $0 soaring-fl ig5t research. Unfortunately, I 

have had no opportunity t o  t e s t  the  threefold recorder on a 

simple soaring airplane o r  gl ider .  I have, however, repeatedly 

been able  t o  ver i fy ,  in  f l i g h t  t e s t s  with d i f f e ren t  a i rplanes 

(among others the ttHab9chtt' of Blume-Hentzen), over L m 3 l  

ground, qu i t e  large v e r t i c a l  motions of l a rge  a i r  masses, which, 

at  c e r t a i n  s p o t s ,  extended t o  a considerable a l t i t u d e  and 

seemed, a t  l e a s t ,  t o  render s t a t i c  soaring f l i g h t ,  even i f  not 

dynamic, e n t i r e l y  poss ib le  over l eve l  ground. I am s o r r y  that 

I cannot take you f a r the r  in to  t h i s  v e r y  proa is ing  f i e l d  of 

t he  appl icat ion of experiments on airplanes.  

I n  full appreciat ion of aerodynamic' theories  and of prac- 

t i c a l  experiments on models and t h e i r  resu l t s ,  I will conclude 

my remarks on the carrying out of experiments on the airplanes 

themselves with the  words: "Here i s  another  green t r ee ,  which 

bears  golden apples.  Let us  pluck themltf 

Translation b y  Dwight Ne giner ,  
National Advisory Committee f o r  Aeronautics. 
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